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(54) SEMICONDUCTOR DEVICE AND ITS MANUFACTURE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a semiconductor 
device having high sensitivity charge coupling element, 
capable of adequately securing a signal charge capacity 
also increasing the cell size of a solid-state image- 
pickup element which causes no back flow in transferring 
the signal charge, and its manufacture. 
SOLUTION: A semiconductor device is constituted of a 
semiconductor layer 1 1 containing a first conductivity- 
type conductive impurities, a gate insulating film 20 
formed on the upper layer of the semiconductor layer 1 1 f 
a first gate electrode 30 formed on the upper layer of 
the gate insulating film 20, a second gate electrode 31 
formed on the upper layer of the gate insulating film 20 
in an adjacent part which is insulated from the first gate 
electrode 30, as well as an inversion layer 13 containing 
a second conductivity-type impurities formed in the 
semiconductor layer 1 1 in the side region of the second 
gate electrode 31, at a position facing opposite the first 
electrode 30. 
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(54) «w<Dfc»] ¥W*:^e^a:rAe©«is^^ 



(57) [Sft] 

S3 1i, m^~^@3 0<t;tffa^*<ftg<D^2y 

-h^@3 1 omf$mm>zm#m i i tifc 




im?m i ] *m#m®±ic&f£2titcm 1 ss^o^ 

miay- h^gciiKiMsn/^ 1 y- bmm 

m&m i y- bm^tmrnuxmrn^om^y- b&m 

m&m\ y-b&mtttforzitL&om&mzy- bm 
&&m&mm<Dm&mm»m<picmi&2 Mem z ^1 

s. 

im^mz ] wi&m 1 y- n&moTmvm&y- ht& 
*a®<D&/?<t> m&mzy- bm&DT®<om&y- b 

[st^3 ] Bcriam 1 y- bmm<z>Tm<DffiBy- bt& 
tmvm&v. m&m zy-b mm>rm<om^y- b 
tmmomm* 0 *> m < nt^ 2 ge*s<E> 

[ti^is ] ¥m#m&±icy- b^mm^^r^x 

ma y- b tmmzm * >&aic £ d m mmrno 

m&y~ btmm<D±®icmiy- bm&zj&fcTzi: 
mt. 

m&m 1 y- bmmztm? 

m&m 1 y- rm@<Dgras&ofrgay-- bmm<o±m 
temzy- bmmzj&ffrrzxmt* 
m&m 1 y- btsm** zy-b * 
ii/t^2 ^M^^mti^^^^A 0 . m&m 1 y 

- r m& t mi* ztimom&m zy-b mmom&m 
t%<Dmtz¥m&m*ic)x*mz&im* *xn t * *rr * 

(gf^6 ] mzem 1 y- h^g^fixr^x^c^. 
miem2 y- bmmz&i&rzxmomic. m&m 1 y 

- h ^©Miay- nfi^^^^b-r^xii^ 

[m^mi ] i?iem 1 y- btmtmm-zjMo'ik, 
mumz y- b zxmomic. mzmi y 

- h^v^^itrii^ 1 mmmomtm^m^ 
zmxLxm&m 1 y- bm^m< mm<om^^m^ 

0 4>^tgs«c^w*r^^^^r^xfi^3 6(cwT 
zzmm 5 e icga*&©^(*3^os^;fr&. 
[ife^mifcsasn 
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[000 1 ] 
[0 00 2] 

[$E3fc<D&'ffi] ^a^^^^T- (Charge Coupled device 
; fcTFCCDcb-r*) -AatcW>*-W>:fr 

7>^7r-*Wt 0**tfp^>';n>gi££tffi$p 

10 ^m^m<o^^^^tmttx^^3Liy^^b^m^ 

6ti/cb'^42;Kc«y>- Mfe|£M£:/rLTy- 

^$nr*j»), *<oy~ bmm&iEm&zwnn-rzc 

ffife^tf^-feil/Oy- h»m«^oA:2O0 

[0003] ±m<oc c dkoot . e^*w*is2ir 

30 b (virtual phase ) W&£t$r>1ti&ti>jLfr* + *)i>M 

<om^m»mc c d ^m-r^m^^^m^i^^ 

t, i9 (a) fc^T. P^> i ;3>if^(*S^i 0± 

0, -e^i^ccm^^^vn^cp^^^y- bmm 
3z&mi£2tixi<>z>. ^y-b^3z<omm^(o^ 

+ *>W?(5tim 1 1 43(c«p^co^mi4^^^T 

40 * 0 -ooy- hm®3 2 i-oo^&y- 

1 1 tUQ-gfttcte, ^ *^;ujgfiJt«« 1 1 <fc 0 ^>^^ 
fco, pwgu^^bri^. pwgp^<M^y- 

y- h^«:*JC^r^$n/cSfe® 1 3fc*S«tg{&tc 

s^^nrc^. s^gi 3(DT®<D-^tc«. 

50 1 1 4:0 <>iiSi§K(D n M<Dmi5&?m®Z<£ 
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[0 0 0 5 ] ±iecD<fc5tC, PBgfl, PWgiJ. VBgff. 
J: tfV Wgpo 4 6—-?© CCD -fer^tfj&fifc $ ft T 
cfte>©4ffl(Dft^m^^^rrSjcDg$«. «*. 

tf-£ft-eftl. 4 Mm, 2. 1/znK 1. 4 Mm, fc<£ 

[0 00 6 ] ±I2CT)PB^ PWSB, VBSP, *J<£tfV 10 
W^<D4tB<D#7*>WJl'K:o(,>T, 09 (b) 

(High)ifi(Low)) *"M.€>ft> 

hmigtamxteJx&m 1 3K<=fc9B$«-r*y- h 

m>Wjft*?Z. CftK<fc*K mtOTS^OCCD^rW 

-rz¥m&&&±tj;~?xi,*z>. m^nmt. y- hmm 

32i>m (High) #»6<£ (Low) ^t>r>tc±Z 
iCPWgM»6VWg|S-v (Low) *>6i£ (Hi? 20 
h) ^fc^fc±#C£VW^6PW^^3ft*. 

B§i5«m^^cD^&^K ? fcfecvt yriotw. 

LTftK. 

[0007 ] iBBOfi&y- h«££fto/cS#iA^ 
.+ ^;U^cr>#tt^«i^CCD^W*r^¥^(*^S«. (5 

»y- hM^tcfe^r * > y n xoy- h l 

[0 00 8] 

^iMX*iS/j^*/cafrKtt v ±geoPB^ p 
was, vbsa, fcJ:cfvwgito4tg<D-eft-eftcr)g$^ 
S< LftWfttf&e>frl>. l*>l, aok€ix^:ae>o^ 
yrr*& PBg&fc^t/vBgws, #^>*s+jud2X ao 

[0009] 3 09 (a) (C^TJ:^CC, P B 3fi 
X % ®#K + XffkLtcm>1£&VltolCj*>x£k&T *> 

cttc£*)*<Dmw*:fcf£isXi,>z>ctfrti>. c<omn 
m>(m.. ^o^yr«-c*^PBgp<bvBajo[>^3 so 
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fttffr6ft^C<hfc, PB^£tfVBg&©63£-fe;U 

[00103 **w»±ga©wiHiScc«*r^3ti3ifc«> 

(CCD) %Wr&*»#*8gfcJ:Cf*©«Jfi# 
tt«r tS« T * C £ * @ ft £ *T * . 
[001 1] 

^(*@o±@cc^$ft/cy-hteiSK<b, ^say- 
htt»scD±acc^$ftyt^iy-hmsi, ntfiasf 
i y- hmgi^uri^g^cDiuiey- hte»jg<D± 
®cc^3ft/cm2y-h®@^. m&miy-vmm 
t*tfo?z(m<Dm&m2 y- hmommmme 

¥ttM *lc«K3 ft/cSS 2 

c o o i 2 ) ±Mz<D*§m<D¥m&mmz. miy-h 
mmt % *<Dmm : ®<Dm® t 2titcm2y- hm&t. m 

mi y- hm@*5«fcofm2y-h®@cc-eft 
-efts^mEE^^wx ict r^w^Ka-r c <b 

<o 2 «ig«i^c c d zirrzmmimmt <c 

C 0 0 1 3 1 ±ffi©*«H<D¥«fl«iH«c <fcti« % flBB 

^s^ajim i hms*$<*:^2 y- hmg^v^ 
tafiv*. v^^<D^^rftco/ctf)©^^^r. 



[0014] ±.&<D*$m<D*mft$imt. itmtat. 
m&m i y- bfrnvrmcomz?- bmrnmosm 

mt^m**). zzicifmtcte. Miami y-mso 
rsowsey- b&»m<Dmm&> mzzmz y- hms 
©TfgoiSiay- h*&8»DiB/ii: o 4>ji< ffa$3#vc 

5*.z^)\,x?&K<Dm&zm--(<c®3£LTi>. miy- 
v mmtm 2 y - h mmic <t o *^>^ + >\> 
oai3*a«c6«6ti. ^miy-ms^o^ 10 

[0015] ±ffi©*»W©*»*SHatt, ffistc«. 

1 mmivmm&mmztim^mftm * s *>^^cc 
*»r&«»wiwstir^*. ttifc^r). miy- 
Mt&<tm2y- hmscc^^^vuxmEEo^^ 
-ecs^urfe, mi y- hitSKio^sti**^ 
>is+)\'<D&2£vi>m2y~t>fmic£')j&f&ztiz> 20 

[0016] £/c, ±sa<D@ffi£>&£T£/ca!>, 

i^Mt^igi, sinay- h^ii^it-{t>a 

* sx*i£, Miay- ne«tK<o±ja«:^ 1 y- 
*»«aw ^xsi, Miam 1 y- m»&&s-r*JiPig 
Miami y-hit&oisi&gs 
©Mtay- na<tM©±Mtc^2 y- 30 
xn<t. Mtam 1 y- m&k £txMiam2 y- mis 

82S& 1 y- F^g<!:^*r^{ig(DM^m2 y- hUS 

[0017] ±&<D*mi<D¥mtm&<D$k&£mt. 

mo 4* >£ACC <* 0 m 1 ^©^iiiAt-S^ 

- h*&*§^<z>_Uf ctffi 1 y- s& 1 y- 40 
bmmz&mrzmffltmmztemv. mw-tmrn 
vmtm<D>?- t&mm<D±micm2* t - bmrnzmfc 
tz>. ^ccc. miy-tnm*sJ:vm2y-tmwi*:^ 

x^iltI2^^i4T^MiAl, miy 

- bm&t*tfo?z>&m<Dm2 y- bm&<o§mmm> 

[0018] ±IBO*^<0*^{*^S<D^^^«: J: 

mi y- b&mt. *<omm®<Dfcf&ztitcm2 
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- bm&wwmimois&y- bticj:*)—^<Diz)i>& 

^Lr^^t>©r-kiUDffl/Wfc*«nififer*0, miy 

- Mi@<bm2 y- hm@cc^it^^;ux(D^ ^ 

KD^W^x^iiri^, 

(D£S*-Btfg#-c#, ««y-h««i<r*SKiHtt 
mi y- h^s*j<fc^2 y- hig^vx^iUc^ 
* >&Afc <!: tc 0 @ eg^wccjftiM- scimi 

* + * ;U§9cd 2 ffiggOk^C C D * 6 ^ 
[0019] ±gB<D^^<D*^^gOK^ft«, 

^cc«, M^iy-h^s^^-r^xiKD^ m 
iam2 y- hm@^j&fi£T^x^(Di9(c, Miam 1 y- 

h«»ia<DH^^ ^2y-hmgcDT@^iiiiay-h 

mtm2 y- hm^cc^^^^^mEEcomti^^-cc 
s^ur^, miy-Fmstc^DffM^n^^f-v^ 
+iucDai3 ct o i>m2 y- h^sccj: o^^n^^x 

[0020] ±iacD*^(D^ft^^ia^*a«, 
witc« 4 Miami y-hm@*#fiS-r*xficD&, ^ 
gam 2 y- h^g^0^^xno^cc. piam 1 y- 

hms^r^x^ i orgqgam i mmM<mn&*miz 
^Aorirfiam i y- bmmz&< m®<Dmm*m#m 
+cciatam i ««SQ»«tt7ff«f «:tne¥»(»JB o 

cc % m i mmm<mmm^m^m^^m#mj: o ^hj 

^©<bm2y- bmrntc^iz^frxmEEvmiiLzm— 
ic&jZLxh, miy-h^@(ci:D^^n^^> 

[002 1] 

[0022] m i gfe^g 



01 (a) *m&Bm<D¥2»{*mm<Dmw®v$> 
a. pM5>«; n i o±k, n^^mtt^ 
«^^§wt * m 3 >ji ^ 6 ft * * + * Jimf&mm i 

iWft£<**vt:fe*), fo±l«:m^t^V3><D 
y- ht§g3oo^sptcm«^»;^';3>^6ft-5 

3 0<h#fi-r*ftg<Dm2y- hmg3 1 <D(Wgfl<E>* + 

m&m\ 3t>wm2tix*s*). <R&y-reaiiS£&*. 

* * *>l*flHHtt 1 1 <fc 0 fcli&i6&<D n 3SOi£l§tW« 
l*«rr*Mi 2 (H*+r^s-r) #7&fiSi*ivc<,> 

fcLb<D<£5tC. Siy-Mi3 1 % JH2y-MS 
S3 Ybfrh. — WCCDHzJUfc* 

[0 02 3] &\Y-Ym&3 0OrfMV>*+*)VBl& 20 
««1 l^PlSUi^D. J£2y-r®&3 MDTMV 

i^<DnM<Dm?Z\£*mi%^~?Z®!® 1 2#P 2S& 

tm\ 3\m&m&tcmiEZtixi5i). co»vp 

[0 024] ±fa<0<t^(C. Plgp. P2S&. 4di:t;V 
Pg|5<D3^6-o<DCCD-fe^^$nri^o c 

tih<D3m<Dm^f%ffi$mytt<D&2\t. ^ccd 

m«-en-eni. 4-2. Umggilt, 3 

ffloD^ttr 1 -fe;UD$i* 5.0/2 m*i&Ki*8'Nfr* c 

[0 02 5]±g2<DPl$$, P295. fc^CXV PQkD 3 
ffiOtff^WMCOOT, 0 1(b) tCTjVr. 
(Df&iy- b?§@3 0fcJ;^2y- M8€b3 1 tc«-e 

tx^tim 2 tc^-r £ ^jt^D7^w^5 *itcmH.'*)\s 

^(KHigh) ±& (Low) ) *«M.^ti*. - 

*t\ <s&y- h^tc*j^r«j^® 1 3(fCj:*)mm 
^^cDi^t^ttf^-r-s, uu y- h^@3o*j<tcjf 

^2y-hm®3 ltfi&K^ (High) (Di^CC. 
m-^^*P2SHCg;i6tl*. ^cc, 
30£i£ (High) *>e><K (Low) MEilfcfftT* 
^2y- hf&@£& (High) (Low) ^se 

a*, cot*, pzfittcwzhtitcmnmmtvpu 
ccr^s**. 5fcccmiy-Ms&3o*& (h i g 

h) *>6<g (Low) ^SI;tS<Dtt. m^^fCD^^ 
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1 y- r *S6£{& (Low)a>6&(High) 

c<D£Sr> m-^m^ivpgp^^p lgflcc^Sft 

^cc, s&2y- mb@3 i*<a (Low) frhm 

^*E*»iy- ni3o^^2y- 
3 iKEparr*c<!:-c\ {t^m^£i£ifrrsc£ft<, 

[0026] ±l2©^6fe^«l<D^|(*^g« v <£&y 

<E&y- h^tft^jsfe^«^iy-h^e*5i:cxm 

2 y- b m&Z * <!: O tc A * >&Aft i'tc J: *) s e 
&&&)tCj&f&*Z>C±&X%. vX^O^toifrtiOAi 

i*k:. ^i-^;w^fis^i 1 **)i>m&&<Dnm<Dm 

(c^^^vux^EEcoma^— ccg:^or^. pigp 
<OX ^ ;Vcog?l $ 0 P 2 S^tff* > ^ f )i<om 
5^<T^>C<b^r^, m2y-hm©3 l€r(S (L 

ow) a>6^ (High) *>t m^mm*M&* 
^cift<jt^«:p iaw»6 P2gptce^$n, ««f 

[0027] ±&<D*mfcmm<o!mft2i&<Dm&*& 

(C-^^T. 0M?:#MUrS4^r^o 03 (a) 

tC9jk-?£5lC. P^(D>>»;3>^(*S«1 o±cc. ^ 
^.«^{b^*^C^«CVD (Chenical Vapor Deposit 
ion ) &&±'K<fc9, WZ.\*1 0 0 A<DMJ¥<D^lb> U 

3>H«tti/, y-h^«uBi2o^^r^. ^cc, 

[0 02 8] ^CC, 03 (b) fc7n*r<fc5K:> 
VD^CCj;^y- Hfe^2 0CD±^tC^»;^»;n>^ 

[0 02 9] WC, 03 (c) CC^^^tC, ^iy- 
14^^D2^>f^>?iALr, ^**JU*liS««l 1 

[0 03 0 3 ^tc, 04 (d) (Ctk-TJc^Cc. mum 
mitm&ZMZCVDWj: 1 y- h^@3 0 

£t££OT 5 0 0-1 000 AOMiP(D^{t^ P >/g 
^r^b. ®rate^^2 1 COt* % mSi 

<b&lC£tUZ. ^fc^9 3>'C*^y-hte^l2 0CD 
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m 1 y- hmm3 o *tm*rz>mft<omtEitmm 

VD£te£0JfPi3&li©2 l(D±JICCtf ^>'Jn>£ig 

LX. ^2y-^i3 1?:M«. 

[0 03 1 ] 04 (e) fiy- 

htl&3 Q*5£Um2Y- hf§@3 1 

* * ^fgfc £ <d p §g(D^lgte*»«5 D 3 £ -f * 

ur, nn y- hm@3 0i^ffiir^{i^<o^2y-h 
m@3 i<om&<D*+*>\'»f&mmi pskd^ 
^ft^^^wr^s^® i 3^M-r^. jbllt\ 

01 (a) cc^-r^^^^-r^ci^rt-s. 

[00321 ±s20*^!S^0*^«^gcDSS^a 

-rzomomz hm@3 i ©wswwaoiEKy- h 
jrc. imy- hmtttezm&m 1 3 «^ i y- bmm 

3 0*Jct^2y- hmS3 1 £v.x*£0/c 

fi|/Nb6^^tC-C^^, {&tey-hra&*^fcS#>& 
+ *)IM<D 2 ffl|g£a^C C D 

ig^(cfc^r«. iiy-n@30^x^<btt 

nKDiift^^^AOt^ 1 y- M163 0*& 

< ^cr>^ * * 1 1 n momtmimvi 

2 (0*+r*rr) ^M«ci*>e>, ^l^-M 
S3 oii2^- bmm3 iict*3Lz>^)vzmBE<Dm& 
*P--ccf9:5£i,Tk. mi y-h^S3 0Cc<t>)^5 

[0034] £2g&JIM 

05 (a) li^HJS^<D4^»$^O©r®0-C*i o 
^2y- h*§©3 1<DTJ1CD^ + ^1/^^1 141 
tC. * * *)Ufcf&m® 1 1 <fc 9 n 
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VkX$>*). PlgiJ, P295, fc<fctfVPa$<J[>3ffi^-- 

1. 4-2. Um^gilt, 3fflCDraH"C 1 
11*5. 0 umimicffi'MkrZCt&XZZ. 
[0 03 5] ±IB<DPlg&, P2& % *$£WP&<D3 

io tB<Dtfr->w;uco<,>-c, 05 (b) KtkT. S-fe/u 
<om i y- hm^3 o4d<fc^2 y- h^@3 1 icis-e 
n-ens 6 tc^-r <t 5 & * a * ^sajsp* $ *i/cii0E^;u 

X <ff (H i eh) <tffi (Low) ) meni, m 
l^&Bl*£Ji&0, **:M«J5S««1 l^Ofe^ig 

ttl>C£*>& % P 1 SP<bP 295<D^ (Hi eh) 
<D*f*>->i>A'<DM£^£i**fc#>K:, (H i gr 

h) <otz^ m2r-bmm3 i<c»any-Ms« 

3 0<fcOfciiJ1IEE£EnJJirr*. fi(Low)©i^ 

20 \y-bm&3o±m2>r , -bmm3 u*mcm&x$> 

*C<tfr6, <5 (Low) (D<fc#<D^T->-> + ;KDi^$ 

+^*w*r^^iS6fi^^>^^gtc*jc^r4>, mi 

&vzz. ztc. &my-bmmx*>zc±frt>. am 
^^i-mnK^rzm&m < . u 
30 x<D&&ifim^. ztc. {stev-bmmtKZJx&mi 
3\tm i y- hm«3 o^^2y- h^@3 i 

•fe;Hf ^ X<Dfg/J\fts$8Ccr t 

[0 03 6 3 ±S<D^Hfe^CD^^g«, 
il«JSH« 1 1 <fc 0 ^^ig^On^^^^K^*^ 

40 [0037] m3mmj&f& 

mi (a) {**||jte^O^f*^©K®0-C*^, 
fiy-Hi3 0©Tioy- M&*£J^2 0^m« 

i2ooAt^$nt*50, «it«7oo A<omm<D 
m2 y- h^S3 i fc^o^y-- h^^y- htes 
Jg2 0K:^Lry-^^Jg©/p^2 0 , ^ex?n 

tiii^tcm2iiis»^>^»^gi^«ir*o. p 

1», P2SJ5. *5j:C/VPg^D3«*>6-ocr)CCD-fe 
50 (j^CDCCD-fe^CD^^^^'Jrt^^^ 
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UmSSiUt, 3ffl©£§tr lfc;UD*i£5. 0 m 

mUSKfg/wt-r s c <t#r s 

[0 03 8 ] ±IE<DP 1», P2a *5<fcOfVPakD3 
ffl<D#-r>*>*;UCoOT\ 07 (b) (CfjkT. m\V 

bmmz o & i>mB*>w<tj;- 7 x^z>c±fr 
®(High) <D£$<Dm\v- bmmzotmz 

V- htS&3 l tc^^^^*;UxmBEcD^fii^(^— ccga^ 10 

*)m*>frlC?ZC±&T:%Z>. <g (Low) <D±ZKt$ 
1 M1&3 Ot&ZY- h^I&3 1 tt^ClET* 
*C<t*p£, <S (Low) (Di^Otf^^ + iUCDj&S 

«p \wtpz&~emttt£^x\,>z. _hia<D*7^> 

iC^<^tiCim^ Plgp, P2 

r<D&i£&mK ztc iBtey-bmmtrjiZjx&mi 

3itm 1 hm@3 0W^2y- hf§&3 1 £v 
T\ ^ X<Df@/Mta*SBK:-C£ £. 
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